L4 »
et st

-,

L DV

June 14, 1960

APPARATUS
Filed Oct. 9, 1956

A. J. LAVOIE ETAL 2,940,695
FOR COUPLING 4 RADAR SYSTEM TO AN AUTOPILOT

3 Sheets-Sheet 1

8]
/|
L
i2 N i
14 -- Ph e
________________ ﬁ“—'—r—-ﬂ—’)
., g
! \
221 ] v
i
// - UI
//
|6--> —
//
//
- A
_— Fig. I.
-~ :
/
10
Large Pitch Pitch : 24;} Elevator
Radar Steering Signal Radar Channel Automatic
System Coupler Pilot
I Large Yaw 20 Yaw 22 26~ Ailerons
Steering Signal Channel
eering Sig Rudder
Fig. 2. 28
Small Pitch Pitch 24% Elevator
Radar Steering Signal |  Radar Channel Automatic
Syst oupler Pilot
ystem Small Yaw Coup Yaw o 26~ pjlerons
— Steering Signal 20 Channel 22
Rudder
Fig. 3. 08
WITNESSES: INVENTORS

R QR G 2
Y
Tert V. Jruveom

Andrew J.Lavoie,James E. Holthaus,
James Peters,Bsnd Henry A.Leone.

L _—



2,940,695

APPARATUS FOR COUPLING A RADAR SYSTEM TO AN AUTOPILOT

Filed Oct. S, 1956

A. J. LAVOIE ETAL

June 14, 1960

3 Sheets~-Sheet 2

G b1

fouanbauig

(o]

[111015]

INAIN0D MDA <ot

indino udlid «—j

. .¢.O_h—
O~ 8~ 98~ b
s dwy 2e
saduy || pnpowaQj—y OV w09 = Mo
'5a Jojpabasul Jojonpowaq 51GOLIDA A
_ — bt
jopagaq |
ooy |
8y  “9b
-2b
Jaydwy
sagdwy | 1 o0i6aju;  |—liooinpowagl— 0w uioo - YoHd
0a 31qDIIDA o€
Nov Neg “og Npe




2,940,695

A.J. LAVOIE ETAL
APPARATUS TOR COUPLING A RADAR SYSTEM TO AN AUTOPILOT

June 14, 1960

3 Sheets-Sheet 3

Filed Oct. 9, 1956

0P, 9€ e,
Jajdwy o'y d
Ja1ydwy ' _ 1040[npowag W 21QPLI0N sddoyd
- = _ AT+ = ] - [ %7
T 891~ e bl Tl = )-8 =
68l mm_/\/_ u__.ul\ - » N MW }
Yoy 2 _Lés» W
i L8lA .T oY 3 w svi/= |gal
(3] | o6l S 3 gz mn_ _—
RENOL) BLVEIZa = v - e
o6 . ll._ll“ PGl 0O¢! w__\ (€
M9 ww_\( _— AV
. { ~09I nszr 8551 | F mm_\
T ks _l iz
| vel = vl 2
“ 8el |4H@ﬂ 51 oa! 2sl
. e
“ F{ 4 Q.W +8 =
28l T
A
08! ” \ww.
S i 1040111950
g9/
3 _ = wm\
B 3
&= - 29
: - —_—. )i ddoy)
¢>><>~(> ) 15 —_
_ : 901-52 - 29X TT/.L
w > T i 1 Tg
m 88l +L el =
o= M
o — ANV . .O_ L
C\EE rHaaem 9 B!
| [sod] [‘ou L s
© —
+8 +8 oY +8

e e —ritenon.



Rah o

United States Patent (

2,000,698
Patented June 14, 1960

1CC

T

2,940,695

APPARATUS FOR COUPLING A RADAR SYSTEM
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Andrew J. Lavoie, Millersville, James E. MHelthaus,
Catonsville, James Peters, Halethorpe, and Henry A.
Leone, Arbatus, Md., assignors to Westinzhouse Hlec-
tric Corporation, East Pittsburgh, Pa., a cerporation of
Pennsylvania o

Filed Oct. 9, 1956, Ser. No. 614,886
10 Claims. (Cl. 244—77)

This invention relates to aircraft control systems and,
more particularly, to means for coupling pitch and yaw
signals from a radar system to an automatic pilot.

Although not limited thereto, the present invention is
particularly adapted for use in fire control radar systems
where it is desired to direct an interceptor aircraft, through
an automatic pilot, in an attack path leading to firing posi-
tien on a target such as another aircraft. Prior to this
{nvention, it was usually necessary for a pilot, after detect-
ing a target on his radar scope, to manually maneuver
the aircraft into an attack path by centering a steering dot
on the radar scope. This method has certain disadvan-
tages in that the accuracy of the interceptor path can be
easily impaired during manual maneuvering by distrac-
tions to the pilot produced by adjacent aircraft, radio
communications and instrument panel monitering, all of
which may require his attention.

1t is a primary object of this invention to provide ap-
paratus for coupling directional signals from an aircraft
radar system to an automatic pilot, whereby the signals
from the radar system will automatically direct the air-
craft aleng a predetermined flight path. In accordance
with the invention, hereinafter described, pitch and yaw
signals from the radar system are fed through two sep-
arate signal channels to the antomatic pilot. Control of
the aircraft is accomplished in three phases. In the first
phase, pitch and yaw signals having a high rate of change
in voltage are amplified in their respective channels and
used to feed the corresponding channels of the automatic
pilot to quickly establish the aircraft on a predetermined
flight path. In the second phase, after the aircraft has
been established on the desired flight path, the pitch and
yaw signals reach a more or less steady state, low voli-
age level. In this phase the gain of the channels is raised,
and an integrating network is inserted into each channel
to provide extremely accurate control of the aircraft
along its flight path. In the third phase, the yaw chan-
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nel of the coupler is shorted out and only pitch signals are -

received by the automatic pilot to steer the aircraft in ele-
vation. In the particular embodiment of the invention
shown and described herein, this third phase is necessary
in order to stabilize the aircraft in the final stages before
the rockets of the interceptor aircraft are fired at the tar-
get aircraft, :

The above and other objects and features of the in-
vention will become apparent from the following detailed
description taken in connection with the accompany-
ing -drawings which form a part of this specification, and
in ‘which: : ) )

Figure 1 is a schematic view illustrating oneuse of the
present invention in connection with an -intercgptor air-
craft attacking another aircrait; :

Fig. 2 is a block diagram. of the aircraft control system
of the present invention, including radar apparatus and
automatic pilot. The legends on the figure identify the
first phase of operation of the system; :

“Fig. 3 is a block diagrams similar to that of Fig, 2
except that the legends now identify the second and third
phases of operation of the system;
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Fig. 4 is a block diagram of the radar coupler of the
present inventjon;

Fig. 5 is a graphical illusiration of the operation of the
radar coupler shown in Fig. 4; and

Fig. 6 is a detailed schematic diagram of the radar
coupler shown in block form in Fig. 4.

Referring to Fig. 1, there are shown typical angular and
spatial relationships existing in azimuth between an in-
terceptor aircraft 19 and a target aircraft 12 flying along
a flight path 14. Initially, the radar system of the in-
terceptor 18 will scan the skies for possible targets. When
a target aircraft such as 12 comes within the range of the
radar, it will produce an indication on the interceptor
pilot’s radar scope telling him of the fact. - In accordance
with the present invention, the interceptor pilot will then
close a switch which functions to feed the information
received by the radar into a computer. The information
from the radar will consist, essentially, of the range and
the rate of change of range between the interceptor 16
and the target 12, and also the rate of change of angular
error between the center line of the interceptor and the
target. From these factors, the computer will produce
pitch and yaw error signals which are fed through the
radar coupler of the present invention to an automatic
pilot which then causes the interceptor to fly along a flight
path 16 so that it will intercept the target at some future
point,

The general control scheme is shown in Figs. 2 and 3
and comprises a radar system 18 which feeds pitch and
yaw signals to the radar coupler 20 of the present inven-
tion. The output of the coupler is, in turn, fed through
the pitch and yaw ghannels to the automatic pilot 22
which controls the elevator 24, ailerons 26 and rudder
28. As will be understood, a system of this sort comprises
a servo loop in which signals from the radar system 18
control the aircraft through the automatic pilot 22; and
the direction of flight produced by the autopilot, in turn,
determines the characferistics of the output signals from
the radar. '

Any servo loop.of this type is a complex servo-mecha-
nism containing active elements and a feedback, It is,
therefore, possible for the servo loop to become unstable
and oscillate. ‘Whethier or not the system will be stable
for a particular input frequency (ie., rate of change of
the input signal) will depend, among other things, upon
the gain of the amplifier elements in the loop. For some
values of amplification gain, the system will oscillate;
while for others it will be stable. Generally speaking,
the amplification gain of the loop can be jnereased without
losing stability as the input frequency ds decreased. This
factor is illustrated in Fig. 5. When, for 2 given system,
the frequency-gajn point lies above curve A, the system
will be unstable; whereas, when it lies below curve A,
the system will be stable. It can be readily seen that the
gain of the loop may be increased as the frequency de-
creases while still maintaining stability.

When the interceptor 10 initially detects the target 12,
large rapidly changing error signals will be fed from the

_ radar systém to the automatic pilot to quickly establish
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the interceptor aircraft 10 on the attack path 16. These
signals are amplified at low gain in the radar coupler to
prevent the system from oscillating and losing control.
This condition is shown in Fig. 2. After the interceptor
16 has been established on its attack path 16, the sum of
the pitch and yaw signals will be less than 1%4 degrees
of the total angular error. This means, in effect, that any
error signals -will be slowly. varying or of very low fre-
quency. Consequently, the gain of the amplifiers in
the coupler is raised by a factor of 7 to provide ex-
tremely accuraté ‘centrol -of the interceptor in the final
stage of attack; .and an integrating network is inserted
into each ‘of the c¢hannels to stabilize the system. This
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condition is shown in Fig. 3. Finally, the yaw channel -

is shorted out, and only pitch signals are tised to steer
the mterceptor in elevation, thereby further stabilizing
the ajrcraft in the final stages of attack.

General operation of the radar cbupler

Referring to' Fig. 4, the output of the pitch channel
from the radar system applied to input terminal 30 of
the radar coupler is a 400-cycle per second signal, the
polarity of which indicates the sense of the error and the
amplitude of which indicates the magmtude of the error.
Thus, if the 400-cycle per second sighal is negative with
respect to a reference point, it may, for example, indi-
cate that the aircraft should climb in altitude to get on
the attack path; whereas, if the signal is positive, the
aircraft should descend. Likewise, positive or negative
400-cycle per second signals are applied to input termi-
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nal 32 to indicate that the aircraft should. fly to the -

right or left, respectively, to get on the attack path.

The pitch signals are fed through a variable gain,
alternating current amplifier 34 to a demodulator 36
which produces a direct current output voltage, the polar-
ity of which is dependent upon the polarity of the 400-
cycle per second signal from amplifier 34 and the magni-
tude of which is proportional to the amplitude of the
aforesaid 400-cycle per second signal.
modulator 36, the signals pass through an integrating net-
work 38, which may be switched into or out of the chan-
nel, and then to a direct current amplifier 40. The out-
put of the amplifier 4€¢ is then applied to the automatic
pilot of the system to control the aircraft in pitch. In
a similar manner, 400-cycle per second signals on termi-
nal 32 pass through a variable grain amplifier 34’, a de-
modulator 36’, an integrating network 38’, which may
be switched into or out of the channel, and a direct cur-
rent amplifier 40’ to control the aircraft in yaw. Both
of the channels are identical in operation, the only differ-
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ence being in the signals applied to their respective input ° -

terminals.

Signals on terminals 30 and 32 are also applied via
leads 42 and 44, respectively, to a null detector 46
which will actuate a relay device 48 when the sum of the
amplitudes of the two signals: applied to terminals 30
and 32 falls below a predetermined amplitude. The
relay device 48, in turn, increases the gain of the ampli-
fiers 34 and 34’ and also switches the integrating net-
works 38 and 38’ into the channels when the sum of the
input signals falls below the aforesaid predetermlned
amplitude.

The operation of the system is shown graphically in
Fig, 5. Initially, when the pitch and yaw signals are
of high amplitude and rapidly changing, the gain of the
channels will be low, as indicated by line D. When the
sum of the pitch and yaw signals falls below the afore-
said predetermined amplitude, null detector 46 will actu-
ate relay 48 to increase the gain of amplifiers 34 and
34" and switch into the circuit the integrators 38 and
38’, providing a response for each channel. as indicated
by line C—B in Fig, 5. It will be understood that the
shape of curve C—B is determined to a large extent by the
values of resistor 188 and capacitor 190 in the integrator
38, and the corresponding elements in the integrator 38’.
In actual practice, the changes in the slope of curve
C—B could be expected to be more gradual than those
illustrated. Curve C—B and curve D are caused to, in
effect, taper off at B’ and D’ respectively, inside of the
limit of stability curve A as a result. of the response char-
acteristic of the servo at high frequencies. Thus, the
frequency-gain -characteristic of the system is always
below curver A so that the system remains stable. -The
gain, however, is increased at lower frequencies to take
advantage of the upswing in curve A and permit extremely
fihe control of the aircraft along its attack path. -

40

" mum output from- the demodulator 36,
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Detatled description of ‘the radar coupler

In Fig. 6, elements which.correspond to those shown
in Fig. 4 are indicated by like reference numerals and are
shown in block form or are enclosed by broken: lines.
Actually, the pitch and yaw output signals from the radar-
computer system are direct current-signals and are ap-
plied to input terminals. 50 and 52, respectively. - These
signals are fed to choppers 54 and 56 which are sup-
plied with a 400-eycle per second alternating current signal

from oscillater 58. The outputs of the chappers 54 and

56, then, are the 400-cycle per second chopped; direct
current signals which are fed to amplifiers 34 and 34".

Since the pitch and yaw channels are substantially
identical in construction, only the pitch channel is shown
in detail in Fig. 6, whereas the yaw channel is shown
in block form. - The-400-eycle per second output sigral
from chopper 54 is applied betweeii the grid and cathods
of triode 60 i amplifier 34 By means of grid registos
62. The output of triode 60 may be applied between the
grid and cathode of a second triode 62 through one of
two current paths. One of these paths includes capacitor
64, lead 66, contact 68 of relay 138 and lead 70. The
other path includes capacitor 64, resistor 72, lead 74,
contact 76 of relay 138 and lead 70. It can be readily
seen that when the anode of triode 60 is connected to the
grid of triode 62 through contact 68, the gain of the
amplifier will be much higher than it will be when the
output of triode 60 must pass through -the dropping
resistor 72.

From the anode of triode 62, the 400-cycle per sec<
ond signals pass through resistor 78 and are applied
across the primary winding of transformer 80 in demod-
ulator 36. The demodulator 36 is of the type known
as a reference demodulator. In this type of demodu-
lator, the plate supply voltage of a detecting vacuum
tubé is a 400-cycle per second alternating current volt-
age in .phase with the input 51gna1
voltage for triodes 82 and 84 in demodulator 36 is sup-
phed from the oscillator 58. In the choppmg process
in chopper 54, the phase of the output signal is shifted
somewhat with respect to the original 400-cycle per sec-
ond signal from oscillator 58. In order to obtain maxi-
the chopped
signal on the grids of triodes 82 and 84 should be in
phase with the 400-cycle per second signal from oscil-
lator 58 which is applied to these triodes. Conse-
quently, a phase shift network, generally indicated at 86,
is included between oscillator 58 and the plate supply
voltage of triodes 82 and 84 to provide the necessary.
correcting phase shift,

It can be seen that since a source of alternating cur-
rent voltage is applied through phase shift network 86

- and resistor 88 to triodes 82 and 84, these triodes will
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" tive with respect to its cathode.
.76

periodically conduct. The chopped 400-cycle per second
output signal of amplifier 34 is of one polarity, either
positive or negative, with respect to ground. When the
polarity of the signal appearing across the primary wind-
ing of transformer 80 is as shown, the grid of triode
82 will be positive with respect to its cathode, whereas
the grid of triode 84 will be negative with respect to
its cathode.  This results from the fact that the center
tap of resistors 90 and 92, connected across the second-.
ary of transformer 80, is connected to the cathodes of
the respective triodes; and the opposite ends of the sec-
ondary winding -are connected to the grids of trlodes -82:
and 84 through’ resistors 100 and 102.’

Assuming ‘that the polarity of the input signal to de-
modulator 36 is as shown, triode 82 will conduct more:
heavily than triode 84 and will charge capacitors 104
and 106 with the polarity shown. Consequently, thef
grid of triode 108 will now be positive with respect to’
its cathode, whereas the grid of triode 110 will be nega-
The bias on the cath-
odes of triodes 108 and 110 is adjusted by means of a_

s

This plate supply-
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variable tap on resistor 112 which is connected to a
source of negative potennal indicated by B.

If the polarity of the input signal to demodulator 36
should reverse, triode 84 will conduct more heavily than
triode 8% and the potential on the anode of triode 82
will rise above ground potential. -Consequently, capaci-
tors 104 and 186 will be charged with a polarity oppo-
site to that shown in the drawing, and ‘triode 110, rather
than triode 108, will have increased conduction. = The
outputs of triodes 108 and 110 are then used in the
autopilot to cause the aircraft to ascend or descend in
altitude, depending upon which of the triodes 168 or 116
is conducting more heavily.

The outputs of choppers 54 and 56 are also applied
to ‘the grids of two triodes 114 and 116, respectively,
in null detector 46. The triodes 114 and 116 are oper-
ated as class A amplifiers. The plate circuit of triode
114 is divided into two current paths, one of which in-
cludes capacitor 118, rectifier 126 and resistor 122, ‘and
the other of which includes the capacitor 118, a recti-
fier 124 and a capacitor 126, one terminal of ‘which is
grounded. In a similar manner, the plate circuit of
triode 116 is divided into one current path including
capacitor 128, rectiffier 138 and resistor 122, and a sec-
ond current path including capacitor 128, a rectifier 132
and the capacrtor i26. The juncticn of rectifiers 124
and 132 is connected through resistor 134 to ground,
and this resistor acts as a grid resistor for a- thyratron,
generally indicated at 136. The plate circuit of thyra-
tron 136 includes a relay coil 138, shunted by capacitor
146, and a source of alternating current voltage 142,
The cathode and screen grid of thyratron 136 are con-
nected to ground through the normally open contacts
144 of relay 146. A resistor 148 having one terminal
connected to the junction of resistor 122 and rectifiers
129 and 130, has its other terminal connected to a source
of negative potential to provide an approximate —1
volt bias across the resistor 134. Any signal bresent at
euher of the grids of the triodes 114 or 116 increases
the voltage across resistor 134 from this point. The
voltage across resistor 134 is applied, as shown, between
the grid and cathode of the thyratron 136.

It can readily be seen that the plate circuit for each
of the triodes 114 and 116 constitutes a voltage doubler.
On the first half cycle of input voltage applied to the
grid of triode 114, it will conduct and charge capacitor
118 as shown. Consequently, capacitor 118 will be
charged from the plate supply for amplifier 114 with
the ' polarity shown through résistor 152, rectifier 120
and resistor 122. On the next half cycle the charge
accumulated on capacitor 118 will add to the plate sig-
nal voltage and discharge through rectifier 124 and ca-
pacrtor 126. Consequently, the negative voltage at point
154 is increased. Likewise, on the first half cycle of
a signal applied to the grid of triode 116, capacitor 128
will be charged from the plate supply for the triodes
through resistor 156, rectifier 130 and resistor 122 with
the polarity shown in the drawing. On the next half
cycle when triode 116 conducts, capacitor 128 will be
discharged through rectifier 132 and capacitor 126,
thereby further increasing the negative voltage at point
154, When the negative voltage at pomt 154 reaches
a predetermined magnitude, and assuming that relay 146
is energized, thyratron 42 will be cut off and the relay
coil 138 wrll be deenerglzed When the negative volt-
age at point 154 is removed, however, the source of
alternating current plate voltage 142 will cause the thyra-
tron 136 to conduct immediately. Capacitor 146 is used
in an obvious manner to filter the rectified voltage
appearing across relay coil 138 once thyratron 136 has
fired.

Since capacitor 126 is the doubling capacitor for the
voltage doubler in each of the plate circuits, thyratron
136 can be cut off in the presence of a signal on the
grid of triode 114 alone, in the presence of a signal on
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the grid triode 116 alone, of in the presence of signals
on the grids of both of the triodes 114 and 116. If' will
also be noted that the phase of the signals applied to
triodes 114 and 116 is immaterial since the voltage build-
up on capacitor 126 is cumulative.

When relay coil 138 and a second relay 160 are de-
energized, as shown in the drawrng, each of the chan-
nels will be shorted. That is, the pitch channel will be
connected through lead 162, contact 164 of relay 160
and contact 166 of relay 138 to ground. = Likewise, -the
yaw channel will be connected through lead 168, con-
tact 170 of relay 160 and contact 172 of relay 138 to
ground.

In operation, when the pilot of the interceptor ait-
craft detects a targét on his radar scope, he will close
a switch which will connect terminals 174 and 176 to
a source of positive voltage marked 428 wolts in Fig:
6. Consequently, relay 146 will be energized to close
contact 144 and ‘enable the thyratron 136 to operate.
At this time, large pitch and yaw signals will be received
from the radar system. Consequently, the output of
null detector 46 at point 154 will be negative and will cut
off thyratron 136. Under these conditions, relay 138
will remain deenerglzed and its contacts will remain in
the positions ‘shown in Fig. 6. Relay 160, however, will
be enérgized from the 428 volt source through contact
178 of relay 138 so that the positions of the contacts
of relay 160 will be reversed with respect to those shown
in the drawmg Under these conditions, the pitch chan-
nel will no loniger be shorted since contact 164 will be
open and the yaw channel will not be shorted s1nce con-
tact 170 will. be opén.

During this time, the anode of triode 60 is connected’
to the grid of triodé 62 through resistor 72 and cofitact
76 of relay 138 so that the gain of amplifier 34 is at its
lower valde. In a similar ‘manner, the corresponding
tubes of ‘the a.rnphﬁer 34 in the yaw channel will be
connected through contact 180 of relay 16¢ so that the
gain of amphﬁer 34’ is also at its lower value. :

‘After ‘the iinterceptor aircraft is established on its at-
tack ‘path, the output signals ‘from choppers 54 and 56
will dimirish in amplitude. ~The output of the null de- -
tector 46 at pomt 154 will, therefore, rise in voltage;
and ‘this voltage rise on the control grid of thyratron 136
will initiate conduction in the thyratron and energizé
relay 138 to reverse the posmons of ifs contacts shown
in Fig: 6.

The systern is now operating in phase two. - The anode
of triode 60 in amplifier 34 is now connected directly
to the grid of triode 62 through contact 68 of relay 138
so that the gain of the amplifier is materially increased.
Relay 160 is no longer connected to the source of posi-
tive voltage at terminal 176 so that it becomes deen-
ergized, and the gain of amplifier 34’ in the yaw channel
is raised by the closure of contact 182. The channels
are not shorted during this time due to the fact that
the connections at contacts 166 and 172 are now broken
Since contacts 184 and 186 of relay 138 are now closed
an integrator is switched into each channel which, “in
the pitch channel, constitutes resistor 188 and capac1tor
190 which has one terrmnal grounded. In the yaw chan-
nel, the 1ntegrator path is through contact 186 of relay
138 and capacitor 187 to ground. Capacitor 187 wrll
of course, be shorted whenever contact 189 of rélay. 160
is closed.

When' the interceptor aircraft is a certain predeter-
mined distance away from the target: aircraft, the range
tracking portion of the radar system will apply a signal
to terminal 192 which will energize relay 169 through
contact 194 of relay 138. Consequently, the contacts
of relay 166 will now be reversed with respect to the
positions shown in Fig. 6, and the yaw channel will be
shorted through lead 168, contact 196 of relay 160, and
contact 198 of relay 138 to ground. The system is now
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operating in phase three wherein only pitch signals. are
fed the autopilot to steer the aircraft.in elevation.

. Although the invention has been described in connec-
tion with a certain specific embodiment, it will be readily
apparent to those skilled in the art that various changes
in form and arrangement of parts may be made to suit
requirements without departmg from the spmt and scope
of the invention. . -~

We claim as our invention: )

1. In an aircraft control system in wmch pltch and
yaw signals from a radar system control the operation
of an automatic pilot, apparatus for coupling pitch and
yaw signals from the radar system to the automatic pilot
and comprising a signal channel for pitch signals and
a signal channel for yaw signals, first means-included
in each of said channels for converting a direct:current
signal into an alternating current signal the instantaneous
amplitude of which is proportional to the instantaneous
voltage level of said direct current- signal,:a variable
gain amplifier in each of said channels- for amplifying
the output of said first means, second means -included

in each of said channels for converting the output of:

said amplifier into a direct current signal, a device re-

sponsive to the output of the first means in each of-said-

channels for producing an output-signal when the sum
of the amplitudes of the outputs of said first means in
each channel is below a predetermined level, and means
responsive to the output signal of said device for -in-
creasing the gain of the variable gain amplifier -in each
channel and for integrating the output of said second
means in each channel.

2. In an aircraft control system in whlch pltch and
yaw signals from a radar system control thé operation
of an automatic pilot, apparatus for coupling the pitch
and yaw signals from the radar system to the automatic
pilot and comprising a signal channel for pitch signals
and a signal channel for yaw signals, a chopper in each
of said channels for converting a direct current signal
into an alternating current signal, a variable gain ampli-
fier in each of said channels for amplifying the output
of said chopper, a demodulator in each of said channels

for converting the output of said amplifier into’a direct-

current signal, a device responsive to the outputs of the
choppers in said channels for producing an output signal

when the sum of the outputs of the choppers in said-

channels falls below a predetermined level,-and means

responswe to the output signal of said device for chang-:

ing the gain of said variable gam amplifier i in each chan-
nel.

3. In an aircraft control system in which pitch and
yaw signals from a radar system control the.operation
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of an automatic pilot, apparatus for coupling the pitch -

and yaw signals from the radar system. fo the automatic
pilot and comprising a signal channel for pitch signals

and a signal channel for yaw signals, a chopper in each’
of said channels for converting 'a direct current signal-

into an alternating current signal, a variable gain ampli-
fier in each of said channels for amplifying the output of
said chopper, a demodulator in each of said-channels for
converting the output of said amphﬁer into adirect cur-
rent SIgnal a device responsive to the outputs of the
choppers in said channels for producing an output signal
when the sum of the outputs of the choppers in. said
channels falls below a predetermined level, and means
responsive to the output signal of said device for inte-

grating the output of the demodulator in each channel.’
4, In an aircraft control system in which pitch and yaw
signals from a radar system control the operation of an’

automatic pilot, apparatus for coupling the pitch and yaw

mgnals from the radar system to the automatic pilot and

«comprising a signal channel for pitch signals and a 51gnal
«channel for yaw signals, a variable gain alternating cur-
rent amplifier included in each of said channels, means
‘included in each of said channels for converting the out-
put of said amplifier into a ghrecfc current s1gna1 a device
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responsive to pitch and yaw signals for producing an out-
put signal when the sum of the instantaneous voltages of
the pitch. and' yaw signals falls below a predetermined
amplitude, and means responswe to the output of said
device for changing the gain of the vanable gain ampli-
fier in each channel.

5. In an aircraft control system in which pitch and yaw
signals from a radar system.control the operation of an
automatic pilot, apparatus for coupling the pitch and yaw

signals from the radar system to the automatic pilot and

comprising a signal channel for pitch signals and a signal
channel for yaw signals, a variable gain alternating cur-
rent amplifier included in each of said channels, means
included in each of said channels for converting the out-
put of said amplifier into a direct current signal, a device
responsive to pitch and yaw signals for producing an out-
put signal when the sum of the instantaneous voltages of

the pitch and -yaw signals falls below a predetermined. .

amplitude, and means responsive to the output of said
device for integrating the output of said convertmg means
in each channel.

6. In an aircraft control system in which pitch and yaw
signals from a radar system control the operation of an
automatic pilot, apparatus for coupling the pitch and yaw
signals from the radar system of the automatic pilot and
comprising -a signal channel for pitch signals and a signal
channel for yaw signals, a variable gain amplifier in-
cluded in each of said channels, a device respensive to
pitch and yaw signals for producing an output signal when
the sum of the instantaneous voltages of the pitch and
yaw signals falls below a predetermined level, and means
responsive to the output of said device for changing the
gain of the variable gain amplifier of each channel.

7. In‘an aircraft control system in which pitch and yaw
signals from.a radar system control the operation of an

automatic pilot, apparatus for coupling the pitch and yaw

signals from the radar system to the automatic pilot and
comprising a signal channel for pitch signals and a signal
channel for yaw signals, a device responsive to pitch and
vaw signals for producing an output signal when the sum
of the instantaneous voltages of the pitch and yaw signals
falls below a predetermined level, and means responsive
to the output signal of said device for integrating the pitch
and yaw signals in their respective channels.

8. In ‘an aircraft control system in which signals from
a radar system control the operation of an automatic
pilot, a signal channel for coupling signals from the radar
system to the automatic pilot, said channel including
means for converting a direct current signal into an al-
ternating current signal, a variable gain amplifier for am-
plifying said alternating current signal, means for con-
verting the output of said amplifier into a direct current
signal, and integrating means adapted to be rendered se-
lectively operative and inoperative in accordance with
changes in the amplitude of signals from the radar sys-
tem for integrating said last-mentioned direct current
signal.

9. In an aircraft control system in which signals from
a radar system control the operation of an automatic
pilot, a signal channel for coupling signals from the radar
system to the automatic pilot, said channel including a
variable gain alternating current amplifier, means for con-
verting the output of said amplifier into a direct current

 signal, and integrating means adapted to be rendered se-
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lectively operative and inoperative in accordance with.

changes in the amplitude of signals from the radar system
for integrating said direct current signal to thereby in-

crease the guiding accuracy -of said automatic pilot in

response to signals of small amphtude
10. In an aircraft comtrol system in which pitch and
yaw signals from a radar system control the operation of

an ‘automatic pilot, apparatus for coupling the pitch and.

yaw 51gnals from the radar system to the automatic pilot
and comprising means for separately amplifying the pitch
and yaw signals at a low gam and means responsive to



2,040,605

- 10 ' .

the sum of the voltage levels of the pitch and yaW signals 2,448,007  Ayres Aug. 31, 1948
for raising the gain of said amplifying means when the 2,538,772 Ferrill oo Jan, 23, 1951
sum of the signals falls below a predetermined level. 2,664,254 Hendrickson oo _ Dec. 29, 1953
. . 2,709,053 Pine e May 24, 1955
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